Optical Chopsticks by Coelho, Isaac & Haley, Matthew Ryan
Worcester Polytechnic Institute
Digital WPI
Major Qualifying Projects (All Years) Major Qualifying Projects
April 2017
Optical Chopsticks
Isaac Coelho
Worcester Polytechnic Institute
Matthew Ryan Haley
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/mqp-all
This Unrestricted is brought to you for free and open access by the Major Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Major Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Coelho, I., & Haley, M. R. (2017). Optical Chopsticks. Retrieved from https://digitalcommons.wpi.edu/mqp-all/1043
 1 
 
Project Number: YL1-CHOP 
 
 
 
 
 
 
 
 
Optical Chopsticks 
 
A Major Qualifying Project Report 
submitted to the faculty of 
 
WORCESTER POLYTECHNIC INSTITUTE 
 
In partial fulfillment of the requirements for the 
Degree of Bachelor of Science 
in Mechanical Engineering 
 
 
Submitted by: 
 
Isaac Coelho 
Matthew Haley 
 
 
Date: April 27, 2017 
 
 
Approved by: 
 
Professor Yuxiang Liu, Major Advisor 
 
 
 
Key words:        
1. Optical Fiber          
2. Optical Trap         
3. Fiber Polishing 
 2 
Abstract 
Light can apply mechanical forces to different objects due to its ability to carry momentum 
in addition to energy. This optical force can’t be felt by humans because it is too small, but when 
shining a laser onto a single biological cell, you can hold it and move it to a different location 
without physically touching it. In this MQP project, we create an optical trap using laser emitted 
from the tips of optical fibers. These so-called “optical chopsticks” are composed of two parallel 
fibers with their tips polished to a 20° angle. The motivation of our MQP was the long time and 
poor repeatability of the existing polishing method to make these fiber tips. Our goal was to 
optimize the polishing method for better efficiency and repeatability, while not compromising the 
quality of fabricated fiber tips. We developed, fabricated, and tested three different designs of the 
fiber holder used in the polishing process. These designs allow reduction of the polished surface 
areas and a better control of the polishing depth of the fiber tips. Our designs result in a significant 
reduction of the polishing time by about 90% (from 8 hours to 40 minutes) and better control of 
the fiber tip shape. The fibers polished will then be evaluated by optical trapping of microparticles. 
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Chapter 1: Introduction 
 The research we are completing in our project focuses around the concepts and innovations 
of fiber based optical trapping.  Objective lens based optical tweezers are used in a variety of 
nanoscale research applications [1]. Optical fibers can also be used to replace the objective lens in 
the optical tweezer set up [2-18]. Using fibers as opposed to an objective lens comes with both 
advantages and disadvantages. Optical fibers have lower trapping efficiencies than objective 
lenses, however they are also less expensive and offer more practical uses [19]. The lower optical 
intensity of the fiber based trapping can be useful when testing live samples since the potential for 
damage to the sample is lower [20]. As part of this project we are working on the mechanical 
design, fabrication, assembly, and optimization of ‘optical chopsticks’.  Optical chopsticks are a 
variation of traditional counter-propagating dual-fiber optical tweezers [2] where instead of using 
flat-tipped fibers aligned at an angle, the fibers are placed in parallel with polished-tips to reflect 
the laser to create the optical trap. The work put into this project and into the optimization of this 
fiber system all relates to one purpose; the manipulation of cells through optical trapping. The final 
goal of all our work is to have the ability to freely manipulate a single cell without physical touch, 
which would be useful in multiple applications, such as medicine. For our MQP, we will be 
focusing on fiber based optical trapping to achieve our goals.     
1.1 Motivation 
We want to improve the existing setup for polishing optical fibers with a twenty-degree 
angle so that it is automatable and more repeatable. The automation reduces man-hours required 
to create the fibers and also helps with repeatability. Man-hours are the most valuable resource 
used in the creation of these fibers so we aim to reduce if not eliminate the amount of time a person 
has to spend polishing the fibers. The repeatability of the existing setup is not very high, with many 
fibers breaking and no consistent way of preventing over-polishing of the fibers. We aim to change 
the setup such that these issues are addressed to improve the success rate of the setup. 
 
1.2 Optical Fibers  
Optical fiber is an extremely thin, clear strand of glass or plastic that is able to transmit light 
from one point to another [21]. In other words, it is a device that is capable of guiding light by 
reflecting light down its transparent core. These optical fibers are typically made of glass or plastic 
which is covered in two layers of coating (Fig.1). The inner part of the fiber is called the core 
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which is the part of the fiber where the light travels through. Enclosing the core is the cladding, a 
reflective plastic or glass which is used to reflect light back to the core. Around the cladding is a 
plastic coating which functions as a layer of protection for the cladding and the core of the fiber 
[22].  
 
Figure 1 Parts of an Optical Fiber [1] 
The fabrication of optical fibers consists of a multi-step process. This process is separated 
into four different stages which are preform fabrication, fiber drawing, fiber coating, and spooling. 
The first stage is where the preform is produced. A preform is a larger version of the final fiber, 
including a core and cladding with properties similar to those wanted in the final product. These 
preforms are made through chemical vapor deposition where chemicals are vaporized and then left 
to deposit on a tube or rod. Next is the fiber drawing stage in which the end of the fabricated 
preform is lowered into a furnace burning at a temperature of 2,000° C (3,632°F). During this 
portion of the process the tip of the preform softens until it is stretched out by gravity, getting 
smaller in regards to diameter. Then an acrylic coating is applied as a means to protect the fiber 
from any possible impairment. Lastly, the finished fiber is wound up into a spool [21].   
Optical fibers can vary from each other as the thickness and material of the fiber determine 
the type of light signals it can reflect and transmit [22]. Optical fibers are classified into three basic 
categories. These categories are step-index multimode (Fig.2a), graded-index multimode (Fig.2b), 
and single mode (Fig.2c). These categories are based on different indexes of refraction, which is 
the ratio of speed of light in a vacuum to speed of light in a given material [21]. In a step-index 
multimode, the number of modes of light which are guided in the fiber are determined by the core 
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size and the refractive index difference between the core and cladding. These types of fibers are 
usually limited to short distances. In a graded-index multimode, the refractive index of the core 
varies over the diameter of the core, which allows for the minimization of pulse broadening due to 
intermodal dispersion. This fiber type is usually usable for intermediate distances. Lastly, a single 
mode is a fiber with a core diameter and refractive index distribution that allows only one mode 
of light is guided through the fiber. This fiber is best used for longer distances with a laser source 
[23].        
 
Figure 2 Types of Optical Fibers [19] 
1.2.1 Applications of Optical Fibers 
Optical fibers have a variety of different uses and they have found their place in many 
different fields such as telecommunications, plumbing, medicine, sciences including chemistry 
and biology, and even house lighting and decoration [23,24-26]. In the field of 
telecommunications, optical fibers have been used to create networks for transmitting different 
signals. They can be used for telephone communications, internet signals, and even television 
signals. The use of optical fibers was essential in the development of high definition televisions, 
as they require very quick data transmission compared to a normal TV. In medicine, since these 
fibers are very flexible, doctors usually use optical fibers to look inside of their patients with 
instruments called endoscopes. Similarly, in plumbing, plumbers use optical fibers to look inside 
of other things as they strategically use these fibers to look into long pipes. In addition, optical 
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fibers have even been used in microscopes to shine light on very small objects so they can be seen 
more accurately [22]. Other uses in the field of science have been fiber optic stress and strain 
sensors to be used on structures and bridges and also fiber optic chemical sensors which make it 
easier to monitor pollution levels in the air [21]. The implementation of optical fibers has led to 
the development of many incredible devices that improve the way tasks are done. 
1.2.2 Tip Shaping of Optical Fibers  
Polishing the end of an optical fiber is common practice when making connections between 
optical fibers. This is done frequently with optical cables such that the protruding fibers are 
polished and less power is lost. This process is also done to polish fibers to be completely flat and 
to be protruding at a very specific length. In the case of angled physical contact (APC) the fiber is 
polished at an 8-degree angle. The material of the polishing film is key in determining the level of 
polish, and multiple films are usually used in polishing a fiber. Selection of polishing time is also 
important because polishing for an excessive amount of time can result in particle accumulation 
which could affect the finish. Load force is another important factor in fiber polishing with ferrules 
[27]. 
There are multiple methods for polishing fibers.  Table 1 shows a four-step singlemode 
polishing technique. 
Table 1 Four-Step Single Mode Polishing Technique [21] 
Step Description Film Type Timer Setting Lubrication 
1 Epoxy Removal 15µm Silicon Carbide 10 Seconds Dry 
2 Beginning Polish 5µm Diamond 30 Seconds D/I Water 
3 Intermediate Polish 1µm Diamond 60 Seconds D/I Water 
4 Final Polish ULTRAFILM 5 10 Seconds D/I Water 
 
The polishing method shown in Table 1 uses four different film types to polish the fiber.  The time 
selections vary based on the film, and lubrication is specified for three of the processes.  This 
specificity is necessary in this polishing operation so that the polish ends up with the desired finish 
[28].	  
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1.2.3 Total Internal Reflection 
When crossing between two different mediums, light refracts.  This means that the light 
changes its direction by a certain angle.  Total internal reflection refers to when this change in 
direction causes all of the light to be re-directed back into the first medium.  The critical angle is 
the angle of approach at which light will reflect along the boundary of the two materials (at a 90-
degree angle).  Any angle greater than this critical angle will cause total internal reflection.  The 
equation for the critical angle is: 𝜃" = arcsin	(𝑛-𝑛.) 
Where n2 is the refractive index of the new medium and n1 is the refractive index of the original 
medium [29].   
 For total internal reflection moving from an optical fiber into water, as with our 
experimental setup, we use the refractive indices of water and fused silica glass (the core of the 
optical fiber).  The refractive index of water is 1.33 and the refractive index of fused silica is 1.4585 
[30].  This causes the critical angle to be 65.7687 degrees.  Therefore, if the optical fiber is polished 
at a 65.7687-degree angle or greater then there will be total internal reflection. 
1.3 Optical Trapping 
1.3.1 State of the Art—Objective Based Trapping 
Optical traps emerged around 30 years ago and have served as a powerful tool with many 
applications in various fields such as biology and physics. According to Neuman & Block [31], 
“An optical trap is formed by tightly focusing a laser beam with an objective lens of high numerical 
aperture (NA).” where numerical aperture is the measure of a lens’ ability to gather light and 
resolve small detail of specimen at a fixed distance [32]. The optical force resulting from the 
focused laser beam has normally been split into two different parts: 1, which is a scattering force 
moving in the direction of light propagation and 2, which is a gradient force moving in the direction 
of the spatial light gradient. These two parts in unison describe the total optical force during an 
optical trap. Even though these components of explaining an optical force are divided into two 
parts, they both come from the same physics, but the scattering portion of the optical force is the 
more well-known force of the two [31].  
 The optical force is decomposed into two different parts, the scattering force and the 
gradient force. When trying to achieve a stable optical trap, the axial gradient force pulling the 
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particle in the direction of the focal region must be greater than the scattering force trying to push 
the particle away from that region. For this to occur, a very sharp gradient in the light is needed, 
which can be produced by tightly focusing the trapping laser beam to a diffraction-limited spot 
which uses the objective of high numerical aperture [31].  
1.3.2 Fiber Optical Trapping 
Unlike objective optical trapping, where an objective lens is used to focus the trapping laser 
beam on an object, fiber optical trapping uses optical fibers to focus the trapping laser beams [20]. 
When working with an objective lens for optical fibers, you may run into pointing instabilities 
which can lead to undesirable displacements of the trap position in the plane of the specimen. Also, 
due to the inclined fiber orientation, optical tweezers occupy a relatively large amount of space 
which limits their applications [29]. These challenges can lead to problems in the optical trap but 
they can be solved by using an optical fiber to focus and point the trapping laser [31]. 
 
Figure 3 Optical Chopsticks Set-Up 
 In regards to this MQP project, we would like to be able to successfully create an optical 
trap using a different set-up than in the past; a set-up that would in a way mimic chopsticks. This 
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set-up will differ in two major ways compared to the optical tweezers. It will differ in fiber tip 
shape and also in the overall orientation of the set-up, as the optical chopsticks would require two 
fibers with fiber tips polished to a 20-degree angle and a different way of orienting the two fibers 
as shown in Figure 3 above. As you can see from the schematic above, the fibers would be set up 
in a way where they could be oriented almost completely parallel from each other while still being 
able to concentrate laser light to one light spot directly under the fibers. This would allow for 
optical trapping to be possible in harder to reach places, as the set-up would be, in a sense, more 
compact due to the set-up being narrower in width compared to the wider set-up involved in the 
optical tweezers.  
 
 
  
 15 
Chapter 2: Existing Set-Up 
During the beginning stages of this project, we began working with optical fibers using a 
set-up developed by previous researchers in the field. This was known as the existing set-up and 
this was the tool resource we had available to us when starting the first stages of experimentation 
with the optical fibers.   
2.1 Description 
The existing set-up for polishing optical fibers that we have used consists of 3 major 
parts—glass slides that serve as a holder for the fiber, a 3D stage which holds and stabilizes the 
glass slides holding the fiber while providing a precise movement of the fiber, and lastly, the 
optical fiber polishing machine. All 3 parts are essential to being able to polish optical fibers when 
using this existing set-up. 
 
        Figure 4 Existing Set-Up 
 When going to polish an optical fiber, there must be a way to secure the fiber so it can be 
easily held and mounted while maintaining stability. In the existing set-up the glass slides serve 
this purpose. The glass slide holder basically consists of two pieces of microscope glass slides 
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(Figure 3) glued together, while the fiber sits in between the two. The process of making this holder 
and mounting the optical fiber in it can be broken down into 7 steps. 
First, we must make a small groove on the top left corner of the slide of one of the two 
glass slides, so that we have a place where we can effectively fix the optical fiber. This groove 
must be just big enough for the optical fiber to sit inside without easily slipping. Next, we position 
the fiber in the groove so that about 3 millimeters of the fiber is off of the front edge of the slides 
and then we begin adding super glue. We must then add a little bit of glue onto the fiber to fix it 
in place and onto to the bottom half of the slide. The glue is also added to the bottom half of the 
slide so that we can have an even flat surface among the bottom slide. This makes it easier when 
putting the second slide on top of the bottom one, which is our next step. Making sure to evenly 
add glue to both sides of the slide allows us to maintain a level surface for the holder, where one 
end of the slide isn’t uneven or higher than the other end. After placing the second slide on top of 
the first one, making sure that it makes contact with the glue, we add tape around the body of the 
slides to hold everything in place. We then let the holder sit under a UV light so that the glue can 
cure. After the glue has cured, we can complete the final step, which consists of adding melted 
wax to the fiber tip that is uncovered by the slides. We must make sure that the wax completely 
covers the exposed fiber tip, as the wax is vital to the fibers strength and stability when being 
polished.  
 
Figure 5 (a) Fiber Holder with No Wax; (b) Completed Fiber Holder 
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The second major part of the existing set-up is the 3D stage (3 axis stage). A 3D stage is a 
stage that can be moved in 6 different directions, either left, right, up, down, forwards or 
backwards. This gives us total control of how we’re moving the optical fiber while allowing us to 
make high precision movements that we wouldn’t be able to do by hand. This makes the 3D stage 
essential when polishing optical fibers, as you have to be able to make very precise movements. 
In the existing set-up, the 3D stage has an extension to it which allows the glass slide holder to be 
mounted to the 3D stage and makes it possible to set the fiber at different angles.  
 
 
Figure 6 3D Stage: Existing Set-Up 
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The last major component of the existing set-up is the Buehler Fibrmet Optical Fiber 
Polisher, which is the machine that actually polishes the optical fiber. On the optical fiber polisher, 
there will be two silver discs. Once turned on, these discs move in a spinning motion to polish the 
fiber. Since the bare discs, themselves cannot polish the fiber, polishing film is used. The polishing 
film is placed over the bare discs so that they can come into contact with the fiber while the 
machine is on. The surface of these polishing films are very smooth, but they are just rough enough 
to give a desirable polish to the fibers.  
 
Figure 7 Buehler Fibrmet Optical Fiber Polisher 
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To begin polishing the optical fibers in this existing set-up (Figure X) all 3 of the major 
components of the set-up must be used in unison. First, the glass slide fiber holder must be mounted 
onto the extension attached to the 3D stage. Next, an angle must be set on the extension of the 
stage so the fiber can be polished at the correct, desired angle. Once the fiber is securely mounted 
to the extension of the 3D stage and the desired angle of polish is set, the 3D stage will be moved 
in increments of micrometers until it is touching the polishing film on the disc of the optical fiber 
polisher. Next, the fiber polisher will be turned on, spinning the disc with the polishing film, which 
will then polish the optical fiber.  
 
 
Figure 8 (a) Existing Set-Up 2; (b) Fiber in Contact with Polishing Machine 
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2.2 Problems 
 
The existing set-up is an effective way of polishing optical fibers but it isn’t perfect. While 
working with the existing set-up we were able to observe 2 significant problems. First, the process 
of polishing with the existing set-up is very time consuming. The set-up is able to polish a fiber 
very well, but it takes at least 8-10 hours or more of polishing work to successfully polish one fiber 
to the angle needed. Secondly, the repeatability of polishing an optical fiber with the existing set-
up is very low meaning that it is a difficult process to repeat successfully. The process can be 
executed the same way each time, but the outcomes are always unpredictable due to the fragility 
of the optical fibers. Going through the process successfully multiple times in a row is very difficult 
as the fibers tend to break unexpectedly. This can lead to a very low success rate, meaning many 
hours spent polishing without a successful product to show for it. 
2.3 Existing Set-up Testing 
Using the existing set-up, we performed the polishing process with two different optical 
fibers. Our first test fiber (Figure 9) was a fail, as it broke during the polishing process.  
 
Figure 9 1st Test Fiber: Broken 
Our second test fiber survived the polishing process but was unfortunately over polished. 
Our second fiber did not break during the polishing process, but due to it being over polished, it 
Fiber broke 
at tip due to 
breaking of 
wax during 
polishing 
process. 
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was not exactly a successful polish. In the figure below, you can see the difference between an 
over polished fiber and a good polished fiber.   
 
Figure 10 Example of an Over Polished Fiber vs. Example of a Good Polished Fiber 
Even though our second test fiber was over polished, we still tested its total internal reflection 
using a laser. Based on the test results, we were able to figure out that our fiber did not have total 
internal reflection and also that our fiber had broken after the polishing process. It is unknown how 
the break occurred, but the break was not on the fiber tip that was polished but below it further 
down the fiber.  
 
                           Fiber 
 
                           125 µm    
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Figure 11 Testing Internal Reflection of Fiber 
Figure 11 shows our second test fiber connected to a laser supply, which shines a red laser 
through the fiber. According to what happened when we connected our fiber to the laser supply, 
our fiber did not have total internal reflection. When a fiber has total internal reflection, it should 
be able to reflect all of the light going through the fiber. Since we can see so much of the red laser, 
the light is not being totally reflected by the fiber. The only other possible reason for this occurring 
is that there must be some other unknown substance on the tip of the fiber allowing for scatter to 
occur, which can give a result that not accurate.  
 
125 µm 
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Figure 12 Broken Fiber Leaking Light from Laser Source 
As seen in figure 12, our second test fiber was leaking light from the laser source during 
our testing of the fiber’s total internal reflection. This leaking light shows that there is a slight 
break in the fiber. A perfect fiber should not leak light from anywhere else other than the tip. This 
is where we were able to understand that our second test fiber was broken and also a failure.   
  
 24 
Chapter 3: First Prototype 
 Our first prototype was designed to hold the optical fiber and act as a stopper for the 
polishing machine.  This way the fiber could be consistently polished at the right angle and to the 
right depth.  
3.1 Design Phase 
Our first design consists of two aluminum blocks, one of which has a v-groove for the 
optical fiber as well as an angled surface that will act as a stopper during polishing.  Initially we 
designed the two blocks to have two holes each, the holder having clearance holes and the clamp 
having tapped holes.  The design is shown in SolidWorks in Figure 13 below, the clamp part is on 
the left and the holder part is on the right. 
	
Figure 13 Clamp and Holder Initial Design 
 
We determined that we wished to mount the part to the setup using screws. We wanted to 
have the clamp and the holder held together even when they were not mounted to the setup so we 
decided to add extra hoes to the part, and extend the length of the part accordingly. This way we 
could use screws to hold the two pieces together and clamp the part to the setup. In the modified 
design the holes closer to edge of the clamp are the tapped holes and the holes closer to the middle 
are clearance holes. All four holes in the holder part are clearance holes. The modified design is 
shown in Figure 14 below, the clamp part is on the left and the holder part is on the right. 
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Figure 14 Clamp and Holder Modified Design 
Figure 15 below shows an alternate angle of the holder part such that the v-groove is visible. 
 
 
  
Figure 15 Modified Holder Design at an Alternate Angle 
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3.2 CAM Files 
We used Esprit to create the machining operations we would use to make the part. We 
created three separate Esprit files in order to achieve this goal. One file was for the machining of 
the holes in the clamp part, another for the machining of the holes in the holder part, and the third 
for machining the slanted face of the holder part. 
 The Esprit file for the clamp part consisted of four pecking operations, four drilling 
operations, and two tapping operations.  The pecking operations ensure that the drills are guided 
correctly so that the holes are drilled straight and in the correct position on the part.  We simulated 
the machining process within Esprit to check that it worked correctly, the result of the simulation 
is shown in Figure 16 below.  
  
 
The first Esprit file for the holder part consisted of four pecking operations, four drilling 
operations, and four pocketing operations.  The pocketing operations are used to create the pockets 
for the screw heads.  We simulated the machining process within Esprit to check that it worked 
correctly and realized that the pocketing operations were constrained to a loop on the outside of 
the geometry of the pockets rather than the inside, causing the pockets to be larger than intended.  
We fixed this issue and simulated the process again, the result of the final simulation is shown in 
Figure 17 below. 
 
Figure 15 Simulation Result of Clamp Machining Process 6
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Initially we attempted to create the entire holder part using one Esprit file. We used a z-
level finishing operation to create the angled surface. This surface was not ideal as it was not 
entirely smooth and had a ledge at the bottom that would interfere with the functionality of the 
part.  This operation would also take an unnecessary amount of time so we decided to re-fixture 
the part and create a separate Esprit file. The z-level finishing process is shown in Figure 18. 
	
Figure 18 Z-Level Finishing Operation 
The second Esprit file for the holder part consisted of one facing operation. The part was 
placed at an angle so that the facing operation could be used to get the angled face.  
  
Figure 17 Simulation Result of First Holder Machining Process 
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3.3 Fabrication 
 During the fabrication process the length and width of the part were slightly reduced.  We 
used a Haas MiniMill to fabricate the part.  We used the mill to cut the material to the correct 
dimensions using a manual program on the machine.  We then used the esprit files to create the 
program used to create the holes in both the clamp and the holder.  The setup of the machine is 
shown in Figure 19 below. 
 
 
Figure 19 Haas MiniMill 
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To create the slanted face on the holder part we used a different clamp that was set to a 
twenty-degree angle. We removed material in three passes with the last one leaving fifteen 
thousandths of an inch of material above the final level desired. This process is shown in Figure 
20 below. 
 
Figure 20 Fabrication of Slanted Face 
We then used a facing tool to remove the final fifteen thousandths of an inch of material and leave 
a clean and seamless finish. This process is shown in Figures 21 below. 
 
 
Figure 21 Facing Operation During Fabrication 
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3.4 First Prototype Testing 
 After completing the fabrication of our first prototype, we began the process of testing our 
newly fabricated part and comparing the results with those gathered from the testing of the existing 
set-up. Our testing of the prototype was made up of two steps: fixing the fiber to the prototype and 
polishing the fiber fixed to the holder.    
3.4.1 Fixing Fiber to Prototype 
Similar to the process of existing set-up mentioned earlier, before any polishing tests can 
be completed, the optical fiber must be securely fixed to its holder we fabricated. In the case of 
this prototype, the process of fixing the fiber to the part was very different due to the fact that the 
aluminum part had no v-groove in it like we had planned. This led to a more complicated method 
for fixing the fiber to the holder, as spacers were needed to be used in order to make sure the fiber 
was securely held by the part while not being crushed by it either. The v-groove would have made 
it much easier to fix the fiber to holder as the fiber would have a location to rest in securely. Since 
we faced these difficulties faced due to the lack of a v-groove, we made sure to include it on our 
next iteration of our holder. Figure 22 below shows what the holder looked like after successfully 
fixing the fiber to it.        
 
Figure 22 Fixing Fiber to Prototype with Use of Spacers 
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 Before being able to fix the fiber to the holder, the fiber was cut, stripped at the tip, cleaved, 
and colored at the tip with a blue sharpie to make the fiber more visible. After preparing the fiber 
we could move on to the actual fiber attachment process. The process of fixing the fiber to our first 
prototype consisted of 5 steps. First, we taped the fiber down to the holder piece (top half) of our 
fabricated holder with a suspending length of about 0.5 mm hanging off of the edge of the part, 
which can be seen in Figure 22. Second, we added super glue to the fiber in order to fix it to the 
part and made sure to spread the glue around so that the surface of the glue was as flat as possible. 
We added the super glue to fix the fiber to the part because the super glue is more reliable than 
using just tape. Third, we cut up pieces of old optical fibers and taped them on the sides of the 
where the main fiber was being fixed. This step was necessary so that the main fiber is securely 
held on the part and not crushed by the bottom half of the part being screwed onto the top part. 
Fourth, we placed the holder part under a UV light so that the glue would cure and harden. Sixth, 
we placed the clamp portion (bottom half) of the part onto the top part and used screws to secure 
the two holder parts together. Figure 23 below demonstrates how the holder looks like once the 
top and bottom parts of the holder are secured to each other with screws. Lastly, we melted wax 
and dripped it onto the tip of the fiber that is exposed from the holder, which is also shown in 
figure 26. The wax is melted onto the fiber tip in order to secure the fiber tip to the holder’s edge 
and protect the fiber tip during the polishing portion of the testing.   
 
 
Figure 23 Wax Covering Tip of Fiber 
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3.4.2 Fiber Polishing with First Prototype 
After successfully fixing the optical fiber to the fabricated holder, we began the polishing 
portion of the testing. Before polishing the fiber, we first had to fix the holder with the fiber to the 
3D stage using the screw holes on the part and the 3D stage, as seen in Figure 24 below.   
 
 
Figure 24 First Prototype Fixed to 3D Stage 
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Once the fiber holder was successfully secured to the 3D stage, we set up the correct angle 
for the fiber to be polished at. To set up the correct angle for polishing, we rotated the rotational 
portion of the 3D stage until the flat face of the holder was completely parallel with the polishing 
disc located on the polisher machine.  After the correct angle for polishing was set, we used the 
3D stage to move the fiber holder towards the polishing disc. Once the wax on the fiber tip touched 
the polishing disc, the holder was in the correct position to begin polishing.  This correct position 
of the holder is shown below in Figure 25.     
 
 
Figure 25 Fiber Polishing with First Prototype 
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Finally, we began the polishing process. We then turned on the polishing machine and 
allowed the machine to polish the fiber tip in the wax for about two minutes. After two minutes, 
we would turn off the machine, reposition the fiber tip to a location of the polishing disc that was 
untouched, and then we would turn on the polishing machine again. We repeated this process until 
the flat face of the holder was touching the polishing disc surface. Once the polishing process has 
been completed, the wax on the polishing surface of the holder would be polished away and the 
fiber would be visible, as shown in Figure 26.  
 
 
Figure 26 Polished Face of Fiber with Wax on Prototype 
 After completing the polishing of the fiber, we would have to remove the fiber from the 
holder. This removal process for this holder consisted of 5 steps. First, we would melt the excess 
wax in order to remove it from the holder. Second, after removing the wax, we removed the epoxy 
by soaking it in acetone until the epoxy was soft enough to be removed from the fiber tip. Third, 
we would remove the screws holder the top and bottom pieces of the part and separated the two 
parts. Fourth, we took the holder portion (top half) of the fabricated part that had the fiber fixed to 
it and removed the leftover tape and also removed the super glue using acetone as well. Lastly, 
after all the glue and tape were taken out, we would remove the fiber and clean it using acetone 
depending on how much residue was left over on the fiber after its removal.     
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3.4.3 Findings	 
During the polishing process with this first prototype, we ran into a few problems. The first 
problem had to do with the wax adherence onto the part. Unfortunately, the wax did not adhere 
well to the aluminum surface of the holder, leading to the wax not securely holding the fiber tip in 
place during the polishing process. Due to this lack of adherence, the wax would tend to chip off 
during the polishing the fiber tip contained the by the wax. This led to the breaking of the fiber tip. 
Since the wax was being used as a way to secure the fiber tip during the polishing process, if the 
wax broke and chipped off then the tip of the optical fiber would break and chip off as well. This 
is displayed in Figure 27 below, as you can see that the wax and fiber tip chipped and broke off 
together.  
 
Figure 27 Failed Fiber Polish due to Chipped Wax 
In order to solve this issue, we used a layer of epoxy to cover the edge of the holder and 
the bottom portion of the suspending fiber tip, as the epoxy did a very good job of adhering to the 
aluminum surface of the part. We then melted wax and dripped it on top of the cured epoxy to 
cover up and secure the rest of the exposed fiber that was not covered by the epoxy. The wax 
adhered very well to the epoxy. After testing this epoxy and wax mixture to cover the wax tip on 
this holder, we began using this method every time we set up a fiber as it was the best method we 
found for this iteration of our holder. This process had to be done very carefully and with a great 
amount of patience, as any amount of force exerted on the fiber could cause it to break.    
  
125 µm 
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 The second issue we ran into during the polishing process involved the suspending length 
of the fiber on the part. When going through the process of fixing the fiber to the holder, we would 
try to estimate the best suspending length for the fiber, which is the amount the fiber hangs off the 
edge of the part. For the safety of the optical fiber, we would try to keep the suspending length to 
as minimal as possible, but this became a problem. With this first prototype of the holder, due to 
lack of a v-groove on this part, if the suspending length of the fiber was too small then the fiber 
wouldn’t polish at all. In reality, the only thing being polished would be the wax, but the fiber tip 
would never actually come into contact with polishing disc, leading to a failed polish as the fiber 
tip was never actually polished. Figure 28 below shows how a suspending length that was too 
small led to the fiber tip not being polished at all, which constitutes a failure during the polishing 
process.   
 
Figure 28 Failed Fiber Polish due to Small Suspending Length of Fiber 
Lastly, during our polishing testing with our first prototype of our holder, we realized that the flat 
face of our holder, which was the polishing face, was too large. The flat face of the holder being 
too large led to some difficulties which took away from the overall performance of the fiber 
polishing process. The large polishing surface made it more difficult to align the holder so that it 
was completely parallel with the polishing disc, meaning that one side of the holder was always 
closer to the polishing disc than the other side of the holder. This was no good as it led to the fiber 
being polished in a manner where the fiber tip would not sit 100 percent flat on the polishing disc 
125 µm 
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leading to inconsistencies in the polishing process. Also, the large flat surface of the holder would 
lead to excess vibrations during the final moments of the polishing process as the holder was 
getting closer and closer in contact with the polishing disc. These unwanted vibrations could also 
lead to inconsistencies in the polishing process, which was something we wanted to avoid as a 
whole. As a solution, we made sure that the next iteration of our design would feature a smaller 
flat surface as the large flat surface we had on our first prototype was unnecessary in the first place.  
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Chapter 4: Second Prototype 
4.1 Design Phase 
The polishing set-up was changed and the position of the three-dimensional stage was 
closer to the polishing machine so we needed to reduce the thickness of the part. We also decided 
that the surface area of the angled face needed to be smaller to reduce the amount of contact with 
the polishing surface. The holder part was changed to be ¼ inch thick to match the thickness of 
the clamp part. The length of each part was changed to three inches, and the width was kept at 
three inches. We decided to make the length three inches in order to have the end of the part line 
up with the end of the three-dimensional stage. The second design is shown in Figure 29 below. 
 
 
Figure 29 Second Prototype Clamp and Holder Design 
4.2 CAM Files 
In order to make the part on the CNC machines we used similar CAM files to the first 
prototype. Instead of creating new CAM files we adjusted the existing CAM files to accommodate 
the new dimensions of the part. This meant changing the total depth of the drilling operations, and 
changing the stock size and point of origin in Esprit. 
4.3 Fabrication 
The fabrication of the second prototype was very similar to the fabrication of the first 
prototype. The holes in the holder and the clamp were created with drilling operations and two of 
the holes in the clamp were tapped. We then mounted the fixture at a twenty-degree angle to cut 
the angled face into the part. Since the part was not as thick we needed to create a custom fixturing 
for the part so that the drill would not hit the clamp. We took a thicker aluminum block and drilled 
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and tapped holes so that we could fixture the part to it. We then cut the part with a drill and then 
used a facing tool to get the desired finish. The custom fixturing is shown in Figure 30 below. 
 
 
Figure 30 Custom Fixturing for Second Prototype Fabrication 
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Figure 31 below shows the completed Holder and Clamp parts of our second prototype holder.  
  
 
Figure 31 (a) Fabricated Holder Part of Second Prototype;(b) Fabricated Clamp Part of Second Prototype 
After completing the fabrication of the part itself, we machined multiple v-grooves shown below 
in Figure 32 using the Haas MiniMill. 
 
 
Figure 32 Fabricated V-Grooves on Holder Part of Second Prototype 
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4.4 Second Prototype Testing 
4.4.1 Fixing Fiber to Second Prototype 
The first step in the fiber attachment process with this prototype was to prepare the fibers. 
We cut the fibers, stripped the tips of the fibers, and cleaved the tips of the fibers. Then we used a 
blue sharpie to color the fiber tips so that they would be easier to see under a microscope. 
The next step was to begin attaching the fibers to the part. The inclusion of the v-grooves 
assisted us greatly in this step. We placed each fiber in a v-groove and secured the fibers with tape 
near the fiber tips as seen in Figure 33.  
 
Figure 33 Optical Fibers Fixed in V-Grooves of Holder 
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We then secured the clamp part to the holder part with screws. After securing the two parts 
we applied a drop of epoxy to each fiber at the point where the tip was exposed in the v-groove as 
seen in Figure 34.  
 
Figure 34 Exposed Fiber Tips in V-Grooves Covered in Epoxy 
We attempted to use only enough epoxy to cover the fiber since most of the time we spent polishing 
was used to polish through the epoxy to expose the fiber. Figure 35 below represents the point 
where the fiber tip is exposed in the v-groove while being clamped between the holder and the 
clamp parts. 
 
Figure 35 Exposed Fiber Tip in V-Groove Between Holder and Clamp Parts 
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This presented some difficulties during the removal process. In order to remove the epoxy, 
we had to use acetone. The acetone would get between the clamp and the holder and destroy the 
tape, causing it to become a very messy adhesive layer between the two parts. This was problematic 
because it would cause us to waste a lot of time attempting to separate the two parts and made it 
difficult to do so without damaging the fibers.   
4.4.2 Fiber Polishing with Second Prototype 
 
Figure 36 Fiber Polishing with Second Prototype 
In testing this prototype, we were able to finish the polishing of an optical fiber within 
thirty minutes to one hour and were able to polish four fibers at a time. When we lined the fibers 
up with the edge of the part, to the best of our ability, the fiber tips were in the range that we 
wanted. Some of the fibers were over or under polished but they typically fell in the correct range. 
Figure 37 below shows one of the fibers, still in the holder, after having been polished. 
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Figure 37 Optical Fiber in Holder After Polishing 
The removal process with this prototype was complicated. Due to the fact that wax would 
not adhere to the aluminum we used epoxy to secure the fibers to the part. We were able to remove 
the epoxy from the fibers using acetone after polishing but this would occasionally result in 
damage to the fibers. There was a possibility of the epoxy coming off before it was weakened 
enough and chipping the fiber. An example of a properly removed polished fiber with a good 
polish can be seen in Figure 38 below.  
 
Figure 38 Good Polished, Properly Removed Fiber from Second Prototype Testing 
125 µm 
125 µm 
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An example of a properly removed over polished fiber can be seen in Figure 39 below.  
 
Figure 39 Over Polished, Properly Removed Fiber from Second Prototype Testing 
4.4.3 Findings 
 When using this prototype to polish optical fibers we made three major observations: the 
v-grooves were wider than necessary, the fibers closer to the side of the part were easier to polish, 
and the set-up/removal process caused problems.  The v-groove width didn’t appear to be causing 
any problems but based on observations from images such as Figure 36 in section 4.4.2 we 
determined that the v-grooves could be much smaller and would clamp the fiber better.  This could 
potentially lead to better polishing finishes due to less room for the fiber to twist or bend to the 
side during placement, and a tighter clamp on the fiber to prevent vibration during polishing.  
Polishing the fibers at the side of the part was easiest since the three-dimensional stage set-up 
could rotate slightly during the polishing process so that the fibers farthest away from the edge of 
the polishing surface would no longer make contact.  Because of this we determined that we should 
only use one side of the holder for polishing.  We also decided, since we would only be using one 
side of the angled-surface of the holder, that we should get rid of the unused surface area of the 
surface to prevent unnecessary contact during polishing that could lead to less polished fiber tips.  
The set-up and removal process using this part caused the most issues.  Once the holder and the 
clamp were fastened together we had no way of removing the tape that was used to temporarily 
fix the fibers to the holder.  During the removal process acetone could come in contact with the 
tape and damage it causing the holder and the clamp to essentially be glued together.  This caused 
wasted time and made it much more difficult to remove the fibers without damaging them.  We 
decided to include a cut-out region in the next design that would allow us to remove the tape once 
the epoxy was applied to the fibers.  
125 µm 
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Chapter 5: Third Prototype 
5.1 Design Phase 
We made two major decisions during the testing of the second prototype that influenced 
our design decisions for the third prototype.  The first decision was that we needed an easier way 
to secure the fibers in the v-grooves while applying the epoxy, yet without leaving tape between 
the two parts.  We decided that tape was effective at securing the fibers in the grooves until we 
applied epoxy, so to accommodate this we decided to cut out a section of the clamp part that was 
not needed so that we could remove the tape after the holder and the clamp were secured 
together.  The second decision was that we didn’t need as much surface area as we currently had 
on the angled face.  We were only using the left half (from the top view) of the angled face so we 
decided to cut out the unnecessary sections to reduce surface area.  We made the same changes to 
the clamp part so that there would not be any excess material to get in the way of the 
polishing.  Once we made these changes we decided that the v-grooves could be ⅛ inch apart from 
each other rather than ¼ inch.  We also decided to make the v-grooves smaller based on our images 
from testing the second prototype.  We made every v-groove the same depth of 150 micrometers. 
5.2 CAM Files 
We once again started with the CAM files from the previous prototype due to their 
similarities.  We then created unbounded points in order to create a chain without using stock 
geometry.  This allowed us to create the profile we wanted for the part.  We used the axis of the 
part as a starting point and placed operations to create the v-grooves, shown in Figure 40 below. 
 
Figure 40 Creation of Prototype Profile of Third Prototype in CAM 
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We then created the profile for the clamp and ran the simulation. The simulation of the result is 
shown in Figure 41 below. 
 
 
Figure 41 Simulation Result of Clamp Machining Process 
5.3 Fabrication 
The fabrication of the holder part was the same as that of the second prototype until the 
last step. The last step was to cut the excess material from the sides of the angled face using an end 
mill. To fabricate the clamp part, we used a different approach than the previous prototypes. We 
started with a thicker block than we needed and cut the outline out of one side of the block, then 
flipped it over and cut it out of the other side and faced the block to the right dimensions. Figure 
42 below shows the part during this process before it was flipped over. 
 
Figure 42 Machining Process of Clamp Part of Holder 
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Figure 43 Completed Holder and Clamp Parts of our Third Prototype 
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5.4 Third Prototype Testing  
5.4.1 Fixing Fiber to Third Prototype 
The first step in the fiber-attachment process for this prototype was once again to prepare 
the fibers. Once the fibers were stripped and colored with the sharpie we placed them in the v-
grooves of the part. With this prototype, we secured the fibers with tape at the bottom end of the 
part rather than close to the fiber tips. This way we could remove the tape from the fibers using 
the cut-out in the clamp part. Due to the reduced depth of the v-grooves on this part the fibers were 
able to come out of the v-grooves more easily before being secured. This caused the fiber-
attachment process to be more difficult than it had been previously. The closer spacing of the v-
grooves also made it more difficult to secure the fibers to the part. 
Once the fibers were secured we placed the top of the clamp part at the bottom of the holder 
part and slid the clamp upwards into position to ensure that the fibers were forced into the v-
grooves. This process is shown in Figure 44 below. 
 
Figure 44 Process of Correctly Positioning Clamp Part of Holder 
Once the clamp and the holder were secured with screws we removed the tape from the 
holder part using the cut-out in the clamp part. This allowed us to remove the tape before we 
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needed to use acetone to weaken the epoxy; therefore, the tape did not get damaged by the acetone 
and glue the two parts together. 
5.4.2 Fiber Polishing with Third Prototype 
Due to the difficulty of working with the closely spaced fibers we ended up using every-
other v-groove for polishing. This prototype presented challenges that caused the overall time to 
polish a fiber to increase, with very little difference in results. We did not polish many fibers with 
this prototype since we had little time remaining in the duration of our project and needed to 
continue to get results. Due to these issues causing the setup times to greatly increase, we decided 
to gather the last of our results using the second prototype. Since we did not obtain enough fibers 
from this part we are unable to determine whether the decreased surface area on the angled face 
made any difference in our results, however the cut-out in the clamp part was very helpful during 
the process and we would keep this feature in future designs. During testing, we realized that the 
cut-out could have been very slightly wider and should have been cut deeper into the middle of 
the part.  The cut-out, as we have it in this design, is not quite deep enough to fully expose a 
regularly sized piece of tape, so it should have been larger. 
5.4.3 Findings 
 Upon testing this prototype, we determined that, while the changes we made accomplished 
their intended tasks, some of them also came with unintended drawbacks.  The fibers didn’t rest 
as nicely in the smaller v-grooves which made the set-up process much more difficult and time 
consuming.  The smaller spacing between the v-grooves had a similar effect on ease of use; since 
the grooves were so close together we had a difficult time placing fibers next to each other without 
accidentally removing a fiber that was already in place.  The tape-removal cut-out did exactly what 
we wanted it to, but since it was at the bottom of the part the fibers were still free to move along 
the entirety of the part.  The cut-out was also slightly too small and placing the tape properly to 
accommodate this was difficult.  If we were to make another design we would place the cut-out in 
the center of the clamp and make it slightly taller and slightly wider.     
 51 
Chapter 6: Evaluation of Light Transmission and Trapping of Polished 
Optical Fiber 
6.1 Internal Reflection Imaging Testing  
 After completing a successful polish of the optical fiber and successfully removing the 
fiber from the holder without any breaking of the fiber tip, we would move onto the next step; 
the testing of the polished fiber. The purpose of this testing was to figure out whether or not the 
polished fiber had total internal reflection.  
6.1.1 Optical Transmission Set-up of the Polished Fiber 
This testing involved the use of a microscope with an objective lens and an infrared laser 
which shot light through the inside of the polished optical fiber. This testing process consisted of 
connecting the optical fiber to a laser source, correctly orienting the fiber in regards to the 
objective lens below it from the microscope as shown in Figure 45, and moving the objective 
lens up and down while the laser light is being shined through the fiber, allowing to us to see 
how the light is being manipulated by the polished optical fiber.  
 
Figure 45 Necessary Orientation for Internal Reflection Imaging Tests 
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 In order to correctly orient the polished optical fiber in the manner shown in Figure 45, we 
had to create an angled fixture that would allow us to attach our polished fiber while maintaining 
the fiber in the correct angle orientation. This fixture made the orientation process easier because 
once you attached the fiber to the fixture, you knew that the fiber was already angled correctly. 
For this fixture that we needed, we came up with an extremely simple idea. Basically, our holder 
consisted of a thin piece of flat metal that was bent to the correct angle of 70 degrees. This fixture 
insured that any fiber connected it would be angled at 70 degrees as seen in Figure 46.  
 
 
Figure 46 Diagram of the Metal Fixture Holding a Fiber 
6.1.2 Optical Transmission Results 
After developing the metal fixture we needed, we began our testing. This process of testing 
the total internal reflection consisted of 5 steps. First, we mounted the metal fixture to the 3D stage 
we would be using near the microscope. This was done by just taping down the metal fixture to 
the top of the 3D stage. Second, we would mount the fiber onto the metal fixture, providing the 
correct orientation of the fiber for testing to be completed. This would usually be done by taping 
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the optical fiber to a glass slide and then attaching that glass slide to the metal fixture. Third, we 
would splice (connect) the optical fiber being tested to another optical fiber connected to the laser 
source to provide the light needed during testing. Splicing was completed in a machine that would 
bind the two different optical fibers into one. Once these steps were completed, the set up would 
look like the set up demonstrated in Figure 47 below.   
 
Figure 47 Set-Up for Internal Reflection Imaging Testing 
Once we reached this step and the set-up looked as follows according to Figure 45, we 
would continue the process. In continuation, fourth, we would turn on the laser source so that the 
light was shining through the optical fiber. Fifth, we would move and manipulate the 3D stage so 
that the fiber tip was in view of the microscope as seen in Figure 48 below.  
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Figure 48 View from Microscope of Optical Fiber 
Lastly, we would move the objective lens of the microscope up and down in order to see 
how the light was manipulated by the polished fiber.  When lowering or increasing the height of 
the objective lens, movement in the light going either forward or backwards can be noticed. 
Unfortunately, when completing this process, the results we got were not as expected. In Figure 
49 below you can see that the light was being manipulated in a strange way, opposite of our 
expectations.   
 
Figure 49 Optical Spot at Different Distances Away from the Fiber Tip. The objective lens was moved by ~100 
micrometers between each two adjacent images, while the fiber was fixed.  
125 µm 
125 µm 
 55 
 Due to the issues we were having during our preliminary total internal reflection tests, we 
decided to try the same tests within a droplet of water, as water helps see light clearer. In the case 
of this test with water, we had to develop a way to hold the droplet of water under the 
microscope’s objective lens. We did this by adding two thin metal strips onto another 3D stage 
across from where the fiber was positioned. These two metal strips would hold a cover glass on 
top which contained the droplet of water, as shown below in Figure 50.  
 
Figure 50 Set-Up for Total Internal Reflection Testing within a Water Droplet 
 For the testing within the water droplet, we had to be more careful when moving the 3D 
stage to find the fiber tip in the view of the microscope. It was necessary to be extra careful due to 
the fact that there was a cover glass holding the water and if you were to move the fiber down too 
low then you would crush the fiber tip against the cover glass. After carefully finding the fiber tip 
within the water droplet, the microscope view should be similar to what is seen in Figure 51 below.  
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Figure 51 Microscope View of the Fiber Tip Submerged in the Water Droplet 
After successfully finding the fiber tip submerged in the water droplet in the microscope, 
you can repeat the process mentioned earlier by moving the objective lens up or down to see how 
the light is manipulated by the optical fiber. When working through the tests in this manner the 
results improved compared to our preliminary tests, but we were still not able to achieve our 
desired results. Below you will find an example of our results in Figure 52. 
 
 
Figure 52 Optical Spot at Different Distances Away from the Fiber Tip. The objective lens was moved by ~100 
micrometers between each two adjacent images, while the fiber was fixed. 
  
125 µm 
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6.1.3 Challenges and Discussion of Transmission Testing 
 Due to the orientation of the fiber that we were using during these tests, we had a very 
difficult time trying to obtain results similar to our expectations. The angle at which we were 
testing the fiber’s total internal reflection at made it very difficult to achieve the results that we 
were expecting, as our results would always be different than the desired outcomes. If we had 
more time in the duration of our project, we would have tried to figure out a different method to 
test a fiber’s total internal reflection so that it would be an easier process to work with and a 
more repeatable process as well. 
 
6.2 Optical Trap Testing  
After completing the testing of a fiber’s total internal reflection during the internal 
reflection imaging testing, we would move onto the last step; testing the optical trapping 
capabilities of a polished fiber. The purpose of this testing was to figure out whether or not the 
polished fibers could actually perform an optical trap of a living cell. Before being able to test the 
optical trapping of two fibers in an “Optical Chopsticks” set up, we had to test the capability of a 
single fiber making an optical trap on its own. This optical trap would be a 2-dimensional trap, 
meaning that the cell could be trapped and moved in the x and y directions, but could not be picked 
up in the z directions.  
6.2.1 Optical Trapping Set-up of the Polished Fiber 
To achieve a 2D trap, we used a set-up similar to the one used in the internal reflection 
imaging testing. This testing involved the use of a microscope with an objective lens, an infrared 
laser which shot light through the inside of the polished optical fiber, and a solution of microbeads 
(living cells) diluted in D.I. water (Deionized water). This testing process first consisted of 
connecting the optical fiber to a laser source and correctly orienting the fiber in regards to the 
objective lens below it. Then, we would add two thin strips of metal to a second 3D stage in order 
to hold a cover glass below the fiber tip and above the objective lens of the microscope. Once the 
cover glass was set in the correct place, we would add a drop of our solution consisting of 
microbeads diluted in D.I. water and then try to focus the microscope so the microbeads could be 
clearly seen. We would then set the optical fiber, so that it was shining the laser light over the 
microbeads. Then we would move the optical fiber back and forth to see if the microbead under 
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the laser light would be manipulated to move as the optical fiber moved. An example of the set up 
can be seen in Figure 53 below.      
 
Figure 53 2-Dimensional Optical Trap Testing Set-Up 
6.2.2 Optical Trapping Results	  
When an optical fiber is polished correctly, achieving a 2-dimensional optical trap of a cell 
should be very simple, but there are still several issues that you can run into impeding the 
completion of a successful optical trap. In our preliminary tests of optical trapping, we had trouble 
achieving a successful 2-dimensional trap. Instead of trapping the microbeads within the laser 
light, we actually ran into an unexpected phenomenon where the laser light was pushing the 
microbeads away as seen in Figure 54 below. 
 
Figure 54 Preliminary Testing of 2D Optical Trapping 
125 µm 
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Figure 54 demonstrates exactly how the microbeads were reacting to the laser light and how they 
were pushed away. 
 
6.2.3 Challenges and Discussion of Optical Trap Testing 
  Some of the reasons why we believe we were having these issues and some possible ways 
that we could solve them are as follows: 
Possible Issues: 
• The light spot of the infrared laser is too scattered leading to the scattering force being 
larger than the gradient force, which can cause the microbeads to be pushed instead of 
attracted.  
• The laser itself may be causing a heating effect, which can result in a thermal flow 
outward, pushing the microbeads away. 
• The amount of microbeads we put on the cover glass was too high allowing the 
microbeads to bunch up into large piles instead of being isolated.  
 
If more time is available, we would like to use the following solutions: 
• Lowering down the power of the infrared laser. 	
• Lowering down the microbead concentration on the cover glass allowing for the 
microbeads to be in contact with each other.  
§ Trapping is easiest when the microbeads are isolated.  
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Chapter 7: Conclusion 
The part we designed allowed us to reduce the time needed to polish optical fibers by over 
90%, from approximately 8 hours for one fiber to roughly 40 minutes for multiple fibers. In 
addition, with the use of our part we had better control over the final tip-shape of the polished fiber 
allowing for more consistent results and therefore a higher quantity of useable fibers. Our results 
demonstrated that our fibers could be used for optical trapping, despite the fact that we didn’t 
directly use the fibers to trap particles. The fibers demonstrated the ability to direct light in the 
desired manner and to use the light to apply forces to microbeads. With the correct fiber orientation 
and laser intensity the fibers that we polished with our part could be used for optical trapping. 
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